Introduction
Speaking about the achieved performance, one can describe a company as more or less efficient, or more or less productive. It is useful to emphasize that these are two related concepts that gives us the information about how successful is some business organized.
On the one hand, the productivity is a ratio of production output to what is required to produce it -inputs or resources used. This ratio could be easily calculated if a company uses single input to produce single output. In reality, it is usual that many inputs are used to produce a few outputs. The outputs should be expressed in some economically sensible form, as well as the inputs, so that productivity remains the ratio of two scalars. Productivity growth then becomes the difference between output growth and input growth. Changes in the productivity of a company can be observed in relation to other companies, or in relation to the ways it is organized in different periods of time. Generally, the changes in productivity in relation to other companies can be attributed to differences in production technology, the amount of work, operating efficiency and operating environment in which production occurs. Bureau of Labor Statistics of the US Department of Labor (BLS, 2005) and the OECD (2001) attribute variations in productivity of the organization in different periods of time to the same sources. A proper perceiving of the causes for different productivity is important to adopt a good business practice and to design a public policy aiming to improve productivity performance. The first three components are mostly under the control of companies; the fourth component is not; it mostly depends on public policy.
On the other hand, the efficiency of a company can be considered as a comparison between observed and optimal values of its output and input. Therefore, it is possible to compare observed output to maximum potential output obtainable by the input, or observed input to minimum potential input required to produce the output, or the combination of these two concepts. In the case of this type of comparison the optimum is defined in terms of organizational or production possibilities and the efficiency is technical. It is also possible to define the optimum in terms of financial targets. In this case the efficiency is measured by comparing observed and optimum costs, revenue and profit. The optimum is expressed in value terms and this type of efficiency is called an economic efficiency. For example, in the case of profit analysis we speak about a profit efficiency.
In this study we measured profit efficiency of public postal operators (PPOs) in the European Union member states and Serbia as the European Union candidate country. Profit efficiency is measured by a mathematical programming approach aiming to construct the frontiers of efficiency and to measure the efficiency relative to the constructed frontiers. This approach is known as data envelopment analysis (DEA) (Charnes et al., 1978) .
A mathematical programming approach, as well as an econometric, can be categorized according to the type of data available (cross-section or panel data), and according to the types of variables available (quantities only, or quantities and prices). With quantities only, technical efficiency can be estimated, while with quantities and prices economic efficiency can be analyzed and decomposed into its technical and allocative components. However, DEA was -160 -first developed in a public sector and most examples of DEA implementation considered technical efficiency. It means that the majority of DEA studies use only quantity data despite the fact that the procedures are easily adapted to the estimation of economic efficiency. To conduct this type of analyzes it is necessary that prices are available and reliable. The intention of the authors of this study was to contribute to the illustration of economic efficiency applicability. We proposed an approach for the measurement of public postal operators' profit efficiency by using DEA.
The intention of many researchers in the field of economy is to determine if some organization is efficient. There are several examples in the literature considering postal sector. Some authors conduct analyzes observing the reaction of employees about the way some business is organized (Dobrodolac et al., 2012 . (Filippini & Zola, 2005) introduced an econometric approach for calculating cost efficiency. They presented an example of Swiss Post.
On the other hand, there are few illustrations of DEA implementation in the postal sector. For example, (Doble, 1995) measures the technical efficiency of UK post office counters using DEA. Maruyama and Nakajima (2002) estimate the technical efficiency and productivity of the Japanese postal service analyzing 47 regions and 1000 postal branches. (Borenstein et al., 2004) measure the efficiency of Brazilian post office stores using data envelopment analysis. (Iturralde & Quiros, 2008) analyze efficiency of the European postal sector considering the changes in technical efficiency by using Malmquist index. (Horncastle et al., 2006) illustrates the implementation of parametric and nonparametric approaches to measure cost efficiency of delivery offices using Royal Mail data. (Cazals et al., 2008) analyze the cost efficiency of delivery post offices observing a sample provided by Royal Mail of 1108 delivery branches. (Knezevic et al., 2011) used DEA method to define required number of employees in postal network delivery units in Serbian Post. Ralevic et al. (2014a) carried out the research measuring the cost efficiency of the complete delivery postal network of the Serbian Post, which includes 1194 post office branches. (Ralevic et al., 2014b) analyzed the stability of the RTS classifications and scale efficient inputs and outputs targets of 27 public postal operators from Europe.
By reviewing the literature on Thomson Reuters Web of Science (2014), we could not find the examples of using DEA for profit efficiency measurement in the postal sector. This was an inspiration for authors and the aim of the research to propose DEA-based profit efficiency approach which could be implemented in the postal sector. Beside that we determined the best practice among observed PPOs and ranked them. Additionally, we specified the target values of inputs and outputs for profit inefficient PPOs. Finally, we compared profit efficiency of PPO in Serbia as a candidate country to PPOs in the European Union member states.
A Measurement of Profit Efficiency

Methodology
Cost efficiency and revenue efficiency are important performance indicators; however, each reflects just one dimension of a company's overall performance. A measurement of profit efficiency captures both dimensions (Fried et al., 2008) .
Suppose that the DMU uses the inputs 
A measure of profit efficiency is provided by the ratio of maximum profit to actual profit as follows in Eq. (3).
Based on Koopmans' definition of efficiency (Koopmans, 1951) A dominates in profitable sense in relation to all other producers for which holds A Dominance is an underutilized concept in the field of producer performance evaluation, where the emphasis is on efficiency. In the paper (Tulkens & Vanden Eeckaut, 1995) is demonstrated that dominance information offers a potentially useful complement to an efficiency evaluation. It is possible that dominators utilize superior business practices that are transferable to the benchmarking producer. However, it is also possible that dominance is due to a more favourable operating environment. Inefficient producers can have many dominators, and hence many potential role models from which to learn.
DEA-based method for profit efficiency measurement
The DEA method is a useful tool for evaluating the relative efficiency for a group of DMUs. DEA has been widely studied and applied in various areas since Charnes et al. (1978) first proposed the DEA method with the CCR model. Among them, the main forms of DEA models and their extensions include those of BCC model (Banker et al., 1984) , the additive model (Charnes et al., 1985) and the imprecise DEA models (Cooper et al., 1999; Zhu, 2003a) . Modifications and extensions are the assurance region models (Thompson et al., 1986; Zanakis et al., 2007) , super-efficiency models (Andersen & Petersen, 1993; Li et al., 2007) , cone ratio models (Charnes et al., 1989 (Charnes et al., , 1990 . A taxonomy and general model frameworks for DEA can be found in (Gattoufi et al., 2004; Kleine, 2004) .
DEA makes it possible to measure efficiency using actual inputs and outputs. It does not require knowledge of the specific functional forms of the inputs and outputs, as opposed to other traditional statistical approaches. The advantage of DEA is its ability to address multiple inputs and multiple outputs that are diverse in nature (financial, technical, social, etc.) , and which express themselves in different measurement units. In DEA terminology, business units, their activities or processes, are seen as Decision Making Units -DMUs. A DMU is the unit that actually makes business decisions, and whose performance is characterized by a set of inputs and outputs, and their interdependence. Decision units are compared with the weights that are assessed using the same inputs and outputs, and the larger the set of units, the more objective is the analytical process. Suppose there are a set of n DMU observations. Each observation, DMUj (
). The efficiency limit of operations is determined by these n observations. The DEA model generalizes the usual input/output ratio measure of efficiency for a given unit in terms of a fractional linear program formulation. The DEA method states that a DMU is considered inefficient if some other DMUs or some combinations of other DMUs produce at least the same amount of output with less of the same resources input and not more of any other resources. Conversely, a DMU is considered Pareto efficient if the above is not possible.
In selecting the DMUs, we need to consider each other comparable DMUs. In the paper (Cooper et al., 2006) is suggested some practical advices in selecting the DMUs:
 the values of inputs and outputs of all DMUs should be available; they should have a positive value,  all data of interest to analyst should be entered into analyzes,  it should be generally required to reduce the inputs and increase the outputs; therefore in defining inputs and outputs we should maintain this principle,  measurement units of inputs and outputs can be of various types.
The inputs and outputs are defined on the basis of experience, theory and practice in the given field, and depend on the specific considered business. Also, it is important that the values of the defined inputs and outputs are obtained from reliable sources and references, and remain uniform for all units that are compared. A number of DMU under consideration should be higher than the total number of inputs and outputs. In the paper (Cooper et al., 2006) is recommended that the number of observed DMU should satisfy
In the papers (Golany & Roll, 1989; Jerkins & Anderson, 2003) it is shown how the number of observations can be increased.
In the DEA literature, there are various models used to calculate profit efficiency. In the paper of (Zhu, 2003b, Chapter 12) there are four profit efficiency models presented (VRS, CRS, NDRS and NIRS). The VRS model (see the M1 model) is used in this study to measure profit efficiency of PPOs. (Banker & Chang, 2006) proved that this model and other models for a measurement of superefficiency can be used in detecting influential observations (non-standard DMUs). Non-standard DMUs affect the objectivity of the analysis by introducing "noise". Therefore it is very important to detect them. Beside that, the M2 model is used as an addition to the M1 model for ranking of public postal operators' profit efficiency. A review of analytical approaches for ranking of efficient DMUs is shown in (Adler et al., 2002; Jablonsky, 2012 
The target values of inputs and outputs for profit inefficient PPOs are estimated by using Slack-based Model (see the M3 model). This model is the additive model of DEA. (Charnes et al., 1985) developed an additive DEA model which considers possible input decreases as well as output increases simultaneously. The M3 model is based upon input and output slacks. 
Empirical example
The measurement of profit efficiency is performed on the sample of 27 PPOs. The observed DMUs are PPOs in the countries of the European Union (Austria, Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Great Britain, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden) and the PPO in Serbia. A PPO is considered as one DMU with two inputs and according input prices for each selected input, and one output and according output price for selected output, as shown in Figure 1 . p is the operating revenue of letter-post items. Considering the operating revenue of the public postal operators, it certainly depends on the amount of provided services and set prices. However, it is interesting to mention that the most common situation in this field is that prices are defined by the state authorities, not by the companies (see, for example, Svadlenka & Chlan, 2009) . This phenomenon will not be further discussed in this study since the method of forming the price do not affect the results of the proposed model.
The values for the inputs and outputs of all 27 PPOs are shown in the first Appendix. Data are official, obtained from Universal Postal Union for the year of 2011 (Universal Postal Union, 2012) . Considering the 27 European Union member states, there is only one PPO that is not included in the research. It is PPO in Belgium for which there are no official data on the website of the UPU.
Results and Discussion
Profit efficiency and super-efficiency scores of PPOs
The application of the M1 and M2 model are performed in two stages. In the first stage we observed all PPOs. In the second stage we excluded PPO introducing "noise" in the analysis, i.e. DMUs which are non-standard. By using the M1 and M2 model, for each observed PPO, its profit efficiency scores Table 1 .
The distributions of profit efficiency and superefficiency scores in the first stage are shown in the second Appendix.
Based on super-efficiency scores, we have concluded that PPO in Austria is non-standard DMU. It means that this PPO enters "noise" in the analysis, so profit efficiency scores are not objective. That's why we performed the second stage where we observed PPOs without PPO in Austria. The analytical results in the second stage are shown in Table 2 . The distributions of profit efficiency scores and superefficiency scores in the second stage are shown in the third Appendix.
The best practice and ranking of PPOs
The best practice is characterized by dual variables j  , representing benchmark. The values of dual variables are determined by using the M1 model. The obtained values of dual variables are shown in Table 3 . The results from Table 2 and Table 3 show that PPOs in Germany, Great Britain, Malta, Slovenia and Spain meet the necessary and sufficient condition for profit efficiency because their profit efficiency scores and self benchmark are equal to one, while all other benchmarks, 0  j  for all j = 1,2,3,…,26. The remaining 21 PPOs are profit inefficient. Based on the value of benchmarks, for each of public postal operators' profit inefficient is determined appropriate benchmark (bold letters) as shown in Table 3 .
The ranking of PPOs is not possible only by using M1 model because the results derived from M1 model indicate that PPOs in Germany, Great Britain, Malta, Slovenia and Spain work equally well. However, this claim is not completely correct in practice. In fact, there is a difference in their performance. The problem of public postal operators' profit efficiency ranking was solved by using the M2 model. 
The target values of input and output of inefficient PPOs
By using M3 model, for each inefficient PPO, the efficient input targets for Total number of staff and Total number of permanent post offices and output target for Number of letter-post items, domestic services are estimated. The analytical results are shown in Table 5 . It should be noticed that these results indicate the values that should be achieved by the inefficient operators. The other problem is the method of reaching this target. For this purpose, further research should be carried out. The improvements could be considered in the field of business operations and technology (see, for example, Dobrodolac et al., 2014a) , service portfolio (Dobrodolac et al., 2009) or marketing activities (Madlenak & Svadlenka, 2009 ). 
Conclusion
This study develops a DEA-based profit efficiency approach for the postal sector. The proposed approach considers the profit efficiency of PPOs in the European Union member states and Serbia as a candidate country. The development of this analytical process is performed in two stages based on public data obtained from the same source. In the first stage we applied a DEA-based method to all observed PPOs. In the second stage we performed the analytical process without influential observations. The focus of this study is a measurement of public postal operators' profit efficiency. It has been done by using the VRS model, CRS super-efficiency model and Slack-based model. The analytical results derived from these models are profit efficiency and super-efficiency scores, the best practice, ranking and the target values of inputs and outputs for profit inefficient PPOs.
We believe that further research is needed to unleash the full potential of this DEA-based profit efficiency approach. It would be useful to focus upon the causes of inefficiency. This would lead to the improvement of business operations and technology of inefficient public postal operators. The second appendix 
